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OpenSummary
The silk gland is a speciﬁc larval tissue of Lepidopteran insects and begins to
degenerate shortly before pupation. The steroid hormone ecdysone triggers the
stage speciﬁc programmed cell death of the anterior silk glands during metamor-
phosis in the silkworm, Bombyx mori. The anterior silk gland expresses ecdysone
receptors, which are involved in regulation processes in response to ecdysone. In this
study, the morphological changes, immunohistochemical localization and protein
levels of ecdysone receptor B1 (EcR-B1) in the anterior silk gland of B. mori were
investigated during programmed cell death. Morphological changes observed during
the degeneration process involve the appearance of large vacuoles, probably
autophagic vacuoles, which increase in number in pupal anterior silk glands. No
macrophages were found in the silk gland during the prepupal and pupal stage unlike
in apoptosis, which strongly suggests that programmed cell death of the anterior silk
gland is carried out by autophagy. Morphological changes of the silk glands were
accompanied by changes in the immunolocalization and protein levels of EcR-B1. The
differences in tissue distribution and protein levels of EcR-B1 during the programmed
cell death indicate that the receptor plays a major role in the modulation and
function of ecdysone activity in Bombyx anterior silk glands. Our results indicate that
EcR-B1 expression may be important for the process of programmed cell death in the
anterior silk glands.
& 2008 Elsevier GmbH.Open access under CC BY-NC-ND license.3884000x1791; fax: +90 232 3881891.
du.tr (E. Goncu).
 access under CC BY-NC-ND license.
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Programmed cell death plays an important role
during animal development by functioning in the
destruction of unnecessary cells and tissues.
Morphological studies of developing vertebrate
embryos have resulted in the description of three
types of programmed cell death (Schweichel and
Merker, 1973). The ﬁrst type, apoptosis, is char-
acterized by cell shrinkage, blebbing of plasma
membranes, condensation of the nuclei and cyto-
plasm followed by DNA fragmentation, formation of
apoptotic bodies and removal through phagocytosis
(Kerr et al., 1972). The second type, autophagy,
involves dying cells containing autophagic vacuoles
(lysosomes), which gradually degrade cytoplasmic
structures (Schweichel and Merker, 1973; Lockshin
and Zakeri, 2004). The third type, non-lysosomal
cell death, is the least common and degeneration
occurs without lysosomal activity (Schweichel and
Merker, 1973). During metamorphosis in insects,
autophagic degradation of larval tissues and
organs, especially muscle and salivary glands, can
be recognized as a form of programmed cell death
(Lockshin and Zakeri, 2004).
Programmed cell death is commonly controlled
by extracellular signals, which are often endocrine.
The steroid hormone, ecdysone, triggers and
coordinates various tissue speciﬁc developmental
programs at different developmental stages in
insects (Buszczak and Segraves, 2000; Baehrecke,
2000). During the metamorphic changes, imaginal
tissues and organs are arranged from primordial
cells and imaginal discs, while larval tissues
degenerate in the pupa. Such tissues include the
salivary glands of Drosophila melanogaster (Farkas
and Sutakova, 1998; Jiang et al., 2000), motor
neurons (Streichert et al., 1997), intersegmental
muscles (Lockshin and Wadewitz, 1990), prothor-
acic gland (Dai and Gilbert, 1999), labial gland
(Halaby et al., 1998) and silk glands (Terashima
et al., 2000).
The molecular genetic regulatory pathways
underlying the ecdysone-induced cell death have
been extensively studied in Drosophila (Truman
et al., 1992; Robinow et al., 1997; Igaki et al.,
2000; Baehrecke, 2000; Bangs et al., 2000; Quinn
et al., 2000; Martin and Baehrecke, 2003). Ecdy-
sone, like other steroid hormones, carries out its
effects through nuclear receptors. A heterodimer
of two nuclear receptors, ecdysone receptor and
ultraspiracle, has been characterized for ecdysone.
Three isoforms of ecdysone receptor (EcR-A,
EcR-B1 and EcR-B2) were ﬁrst identiﬁed in Droso-
phila and it was found that EcR-A is predominantly
expressed in imaginal cells that are intended toform parts of the adult ﬂy, but EcR-B1 is pre-
dominantly expressed in larval cells that are fated
to die. Following that, homologues of Drosophila
EcR-A and EcR-B1 isoforms were characterized
in three lepidopteran species, Manduca sexta,
Bombyx mori, Chironomus tentans and in a
dipteran species Aedes aegypti (Imhof et al.,
1993; Cho et al., 1995; Fujiwara et al., 1995;
Swevers et al., 1996).
The silk gland is the largest tissue in the last
instar of the silkworm, B. mori, and it degenerates
completely after completion of the cocoon at the
end of the spinning stage. It is divided anatomically
and physiologically into three distinct regions: the
anterior, middle and posterior divisions (Akai, 1983,
1998). Akai (1983) reported that the anterior silk
gland is a duct consisting of a single cell layer of
approximately 300 substantially large, polyploid
cells which have branched nuclei, and are lined
with a thick cuticular intima at the internal
surface. During the prepupal period, anterior silk
gland cells die in a rapid and synchronous manner in
response to the pulse of ecdysone (Terashima
et al., 2000; Kakei et al., 2005; Iga et al., 2007).
Anterior silk glands respond to 20E on day 6 while
undergoing programmed cell death and they are
incapable of responding before this time point.
During prepupal period of B. mori larvae, 20E
triggers programmed cell death and up-regulates
EcR B1, especially on day 6 (Kaneko et al., 2006),
suggesting that EcR B1 might play a key role in
programmed cell death.
Kamimura et al. (1997) studied the developmen-
tal expression of EcR and induction by ecdysone in
the silk gland and showed that the anterior part of
the silk gland has high levels of EcR and EcR-A
present during the intermolt period. EcR-B1 ap-
pears at the time of the molts and a small increase
in ecdysone induces the increase of expression.
Morphological changes, EcR-B1 expression and its
distribution patterns are important for the under-
standing of molecular pathways of programmed cell
death in anterior silk glands of B. mori. Therefore,
the aims of the present study were the analysis of
distribution and expression patterns of EcR-B1 and
the assessment of the relationships between recep-
tor status and phases of programmed cell death.Material and methods
Animals
Hybrid races of the silkworm, B. mori, were
reared on fresh mulberry leaves at 2571 1C. The
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days for feeding, followed by 3 days of spinning
to build the cocoon. Experiments were performed
on larvae from day 7 of the ﬁfth instar (which
exhibited gut purge), to 36 h after pupation.Immunohistochemistry
Silk glands were excised, washed with insect
Ringer’s solution (130mM NaCl, 4.7mM KCl, 1.9mM
CaCl2) and observed every 24 h during larval instar
and every 12 h after pupation under a phase-
contrast microscope (NF Binocular, Carl Zeiss, Jena,
Germany). Tissues were dissected from day 7 larvae
to 36 h after pupation and they were ﬁxed
immediately in Bouin’s solution (water-saturated
picric acid:formalin:acetic acid, 15:5:1 by volume)
for 5–6 h at 4 1C. After ﬁxation, tissue pieces were
dehydrated through a graded series of ethanols and
processed for embedding in parafﬁn wax. Five
micrometer-thick sections were cut and mounted
on lysine-coated slides. Sections were dewaxed in
xylene for 15min, rehydrated through an ascending
series of ethanol (70%, 96% and 100%), rinsed in
double distilled water and then washed twice in
phosphate-buffered saline (PBS) with 0.2% Tween
20. Non-speciﬁc binding of the primary antibodies
was blocked by incubating the sections with
blocking solution (0.01M PBS containing: 2% goat
serum (Sigma, G9023), 1% bovine serum albumin
(BSA), 1% Triton X-100, 0.05% Tween 20, 0.05%
sodium azide, pH 7.2) for 30min. Sections were
then incubated at 4 1C overnight with monoclonal
EcR-B1 antibody (6B7, Developmental Studies Hy-
bridoma Bank, University of Iowa, Iowa City, USA)
at a 1:1000 dilution. To quench endogeneous
peroxidase activity, sections were then incubated
with 3% H2O2 for 10min. They were then incubated
in horseradish peroxidase-conjugated secondary
antibody (anti-mouse IgG (Fab speciﬁc)-peroxidase;
Sigma-Aldrich, St. Louis, MO, USA, A2304) at a
1:200 dilution for 2 h. Visualization was performed
by incubation with the substrate and chromogen,
30,30diaminobenzidine (DAB, Sigma-Aldrich D5905)
at a concentration of 10mg/ml in PBS containing
0.05% hydrogen peroxide, for 8–10min. All dilutions
and thorough washes between stages were per-
formed using PBS and all steps were performed at
room temperature unless otherwise speciﬁed.
Negative controls were performed by replacing
the primary antibody with normal goat serum
(Sigma, G9023) at the same dilution. Sections were
then dehydrated through a series of graded ethanol
solutions, cleared in xylene and mounted in
entellan (Merck, OB342229). For morphologicalcomparison, some sections were stained with
hematoxylin and eosin (H&E) using routine proto-
col. The sections were examined under an Olympus
BX-51 microscope and photographed with an
Olympus digital camera. In order to assess labeling,
sections were scored from 1 to 3 according to
intensity of labeling, as follows: 1 ¼ weak labeling;
2 ¼ moderate labeling; 3 ¼ intense labeling.Whole mount immunocytochemistry
Immunohistochemistry was also performed on
whole mounts, as follows. The anterior silk glands,
obtained day 7 to 36 h after pupation, were ﬁxed in
freshly prepared 3.7% formaldehyde in PBS (150mM
NaCl, 2mM NaH2PO4, 7mM Na2HPO4) for 1 h then
incubated with a 1:1000 dilution of anti-EcR B1
monoclonal antibody (as above) as previously
described Jindra et al. (1996). This was followed
by incubation with horseradish peroxidase-
conjugated secondary antibody (anti-mouse IgG
(Fab speciﬁc)-peroxidase; Sigma-Aldrich, A2304)
at a 1:200 dilution in PBS for 2 h at room
temperature. Visualization was with DAB, as de-
scribed above. The samples were examined using
an Olympus BX-51 microscope and photographed
with an Olympus digital camera.Western blotting
Anterior silk glands were homogenized in 20mM
Tris–HCl (pH 7.5) containing protease inhibitor
cocktail (serine, cystein and metalloprotease in-
hibitor cocktail; Roche, 1836153) and 0.5% Nonidet
P-40. The homogenate was centrifugated at
16,000 g for 10min at 4 1C. Total protein concen-
tration was determined with the bicinchoninic acid
(BCA) protein assay kit (Pierce) employed according
to manufacturer’s instructions. Twenty micrograms
of total proteins were separated by 10% sodium
dodecyl sulfate (SDS)–polyacrylamide gel electro-
phoresis in a gel running buffer (25mM Tris, 192mM
glycine, 0.1% SDS, pH 8.3) using a Bio-Rad vertical
electrophoresis system. Proteins were electrotrans-
ferred onto a nitrocellulose membrane (Pierce,
88018) using a Bio-Rad Transblot cell. Membranes
were placed in blocking solution (50mM Tris–HCl,
pH 7.5, 150mM NaCl, 1mM EDTA and 0.1% Tween 20
(TBST)) containing 1% bovine serum albumin and 5%
dried non-fat milk overnight at 4 1C. They were
then incubated with a 1:700 dilution of 6B7 anti-
EcR-B1 monoclonal antibody (Jindra et al., 1996) in
TBST for 2 h followed by 2 h incubation with a
1:1000 dilution of horseradish peroxidase-conju-
gated secondary antibody (Genetex, GTX85313) in
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cence (Pierce, ECL Western blotting substrate,
32106) according to manufacturer’s instructions.
Blots were scanned (Hp Psc 1315) and relative
abundance of protein was calculated using ImageJ
software from the National Institutes of Health, US
(http://rsb.info.nih.gov/nih-image/).Results
Changes of anterior silk gland during
larval–pupal metamorphosis
Previous studies have shown morphological
changes of anterior silk glands during the prepupal
period (after day 7 of ﬁnal instar) and in pupaeFigure 1. Progression of programmed cell death of Bombyx
period. (a) Day 7; (b) day 8; (c) day 9; (d) at pupation; (e) pu
bar ¼ 200 mm for a–e and 150 mm for f and g.(Chinzei, 1975; Terashima et al., 2000). The
anterior silk gland consists of hexagonal cells of a
single type joined together as a monolayer over-
lying a thin basement membrane. The apical
surface is covered with a thick cuticular layer
and the glandular lumen is ﬁlled with liquid silk.
Figure 1 conﬁrms previous observations (Chinzei,
1975; Terashima et al., 2000) that this cell type
exhibits dynamic changes in shape during the
prepupal period and in early pupa. Figures 2f and
g show vacuole localization in anterior silk gland
cells just before programmed cell destruction. On
days 7 and 8, glands were similar to those before
the gut purge. The cells were clear, with distinct
cell boundaries. Intercellular spaces were not
observed (Figure 1a and b). The cells have poly-
ploid and extremely branched nuclei. They did not
show any signs of programmed cell death on thesemori anterior silk glands during the prepupal and pupal
pa 12 h; (f) pupa 24 h and (g) pupa 36 h. N, nucleus. Scale
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Figure 2. Analysis of programmed cell death assessed on parafﬁn wax-embedded sections of anterior silk glands of
Bombyx mori by hematoxylin and eosin (H&E) staining. (a) Day 7; (b) Day 8; (c) Day 9 anterior silk glands cells
boundaries distinguishable and intercellular spaces (arrows) are seen; (d) membrane blebbing (arrows) that is
characteristic of programmed cell death is seen in day 9 anterior silk gland; (e) at pupation; (f) 12 h after pupation (P12)
vacuoles (asterisks) appear in anterior silk gland cells; (g) vacuoles (asterisks) are bigger and conjugate with the nuclei
and rapidly degenerate in anterior silk glands of 24 h after pupation and (h) by 36 h after pupation, cellular structure is
completely destroyed. Scale bar ¼ 125 mm for a, b, c, e and 70 mm for d, f, g, h.
Ecdysone receptor B1 in Bombyx silk glands 29days (Figure 2a and b). On day 9, the cells become
more opaque (Figure 1c). Cell boundaries and
membrane blebbing were clearly distinguishable,
especially in the parafﬁn wax embedded sections
(Figure 2c). This observation indicates that the
cells have become detached from each other. On
day 10, when all larvae went through larval–pupal
ecdysis, the cells were smaller and rounded, with
their nuclei appearing to be condensed. The outer
surface of the gland becomes irregular owing to the
shrinkage (Figures 1d and 2d). The death sequence
is completed with serial changes in cellular and
nuclear morphologies. At 12 h after pupation, the
cells appeared to be dissociated and the cell
boundaries were obvious. The plasma membranes
appear to be partially detached. Cell condensationcontinued with round shapes accompanied by
nuclear condensation (Figure 1e). The nuclei were
now located near the basal region of the cells.
Morphological observations showed the appearance
of an eosin-negative class of vacuoles (Figure 2e).
Autophagosomes have been described in ultrastruc-
tural studies of posterior silk glands of B. mori
during larval pupal metamorphosis (Matsuura et al.,
1968), and these eosin-negative vacuoles were thus
considered to be autophagic. The cells appeared as
discrete dark bodies at 24 h after pupation and
became completely separated from each other
(Figure 1f). The vacuoles fused with each other to
ﬁll the inside of the cells (Figure 2f). The associa-
tion of dynamic changes in the autophagic vacuolar
structure indicates that the anterior silk glands
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anterior silk gland cells were totally destroyed
(Figures 1g and 2g).Immunolocalization of EcR-B1 protein
We used two different methods, immunohisto-
chemistry on tissue sections and on whole mounts,
to localize EcR-B1 protein during the prepupal
period of anterior silk gland. In all cases, EcR-B1
immunolabeling clearly corresponded to localiza-
tion of cell nuclei as shown in whole mount and
parafﬁn wax-embedded sections. We used immu-
nohistochemistry to localize binding of an anti
EcR-B1 monoclonal antibody to detect EcR-B1
isoforms in the anterior silk gland cells. A steady
increase in intensity of EcR-B1 immunolabeling of
nuclei on days 7 and 8 was observed in whole
mounts (Figure 3a and b) and on parafﬁn wax-
embedded sections. At day 7, labeling intensity was
moderate (scored 2) and became intense (scored 3)
by day 8 (Figure 4a and b). Nuclear EcR-B1
immunolocalization persisted in the cells at day 9Figure 3. Immunohistochemical detection of EcR-B1 in the a
large nuclei of cells. (a) Day 7; (b) by day 8, anterior silk
immunolabeling (c) day 9; (d) at pupation; (e) 12 h pupae; (f) 2
for a, b, c, d and 100 mm for e, f, g, h.and was strong (scored 2.6) in parafﬁn wax-
embedded sections (Figure 4c). Early in metamor-
phosis, relatively few nuclei labeled for EcR-B1 and
the cells at this point in pupation showed weak
(scored 1) immunolabeling (Figure 3d). In 12 h
pupae, the cells almost completely lacked EcR-B1
(Figures 3e and 4e). EcR-B1 disappearance was
observed in the anterior silk gland cells at 24 h after
pupation (Figures 2f and 3f). At 36 h, only cellular
debris, which is dispersed throughout the lumen of
gland, is seen. Results from Western blot experi-
ments clearly indicate that an EcR-B1 isoform is
present during the prepupal period and also the
maximum amount of EcR-B1 protein is observed
on day 8 in the anterior silk gland of B. mori
and decreases after larval–pupal metamorphosis
(Figure 5A and B).Discussion
Lockshin and Williams (1965) ﬁrst used the term
programmed cell death to describe the degenera-
tion of intersegmental muscles during silkwormnterior silk gland of Bombyx mori. EcR-B1 is localized in
gland cells after gut purge showing maximum EcR-B1
4 h after pupation and (g) 36 h pupae. Scale bar ¼ 150 mm
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Figure 4. Immunolocalization of EcR-B1. (a) EcR-B1 immunolabeling is weak on day 7 in anterior gland cells. During
programmed cell death, increased intensity of EcR-B1 immunolabeling is observed; (b) on day 8 and (c) day 9; (d) on day
10, all larvae went through larval–pupal ecdysis, the cells were smaller and rounded; show weak nuclear immunolabeling;
(e) the plasma membranes appears to be partially detached after 12 h pupation. The cells almost lacking EcR-B1
demonstrated a very weak positive immunoreaction in their nuclei; (f) EcR-B1 disappearance was observed in anterior silk
gland cells at 24 h after pupation. (g) By 36h the anterior silk gland cells are totally destroyed and (h) negative control
anterior silk gland on day 9 shows no labeling. Scale bar ¼ 200mm for a, b, c, d, e, h and 125mm for f, g.
Ecdysone receptor B1 in Bombyx silk glands 31metamorphosis. Gene regulation and expression have
been studied extensively in the silk gland of B. mori,
which makes its use as a model system possible.
Programmed cell death of anterior silk gland
At larval molts, a thick cuticular intima covering
the inner surface of the anterior silk gland
degenerates and new cuticle is secreted prior to
ecdysis (Akai, 1976). At pupation, not only the
cuticular intima, but also the cells of the gland
itself degenerate as a result of programmed cell
death (Chinzei, 1975; Terashima et al., 2000). The
programmed cell death process in the anterior silk
gland of B. mori is well known, but its molecular
mechanisms remain obscure. The most obviousmorphological changes during the earliest phases
are membrane blebbing (illustrated in Figure 2d)
and formation of small autophagic vacuoles;
whereas later changes include destruction at the
luminal and basal surfaces of the cell (illustrated in
Figure 2g) and erosion of the basement membrane
(illustrated in Figure 2h). The appearance of
vacuolar structures (Figure 2f) that immediately
precede the synchronous degeneration of larval
anterior silk gland cells seem indicative of autop-
hagy. Large vacuoles increase in number in pupal
anterior silk glands, however, no macrophages are
found in the silk gland during the prepupal stage,
unlike in apoptosis. These results strongly indicate
that programmed cell death of anterior silk glands
is carried out by autophagy. According to Lee and
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Figure 5. (a) Detection of EcR-B1 protein by Western
blotting during programmed cell death of anterior silk gland
of Bombyx mori. d7, day 7; d8, day 8; d9, day 9; p, at
pupation; p12, 12h pupa; p24, 24h pupa, the molecular
weight of EcR-B1 protein was found 80kDa by Western blot,
arrow indicates EcR-B1. (b) The average intensities of each
band and relative abundance of EcR-B1 protein (n ¼ 5).
E. Goncu, O. Parlak32Baehrecke (2001), the synchrony and volume of
autophagic cell death of larval tissues in insects
suggests that engulfment of each dying cell may be
restricted by the number of available phagocytes.
Matsuura et al. (1968) showed that cytoplasmic
enzymes gradually accumulate in the posterior silk
gland cells of Bombyx larvae during the feeding
period, but regression of the silk glands occurs only
when feeding ends. Azuma and Ohta (1998) showed
that during the spinning stage, new acidic compart-
ments emerge in the basal cytoplasm. When the
cocoon is constructed, the cells ﬁll with acidic
endomembranes of the anterior silk of B. mori.
Metamorphic degeneration of two Lepidopteran
organs, intersegmental muscle and labial glands, by
autophagy is particularly well documented (Zakeri
et al., 1996).EcR-B1 and programmed cell death of
anterior silk gland
Several signaling pathways have been shown to
regulate mechanisms of programmed cell death.
The steroid hormone ecdysone is the main reg-
ulator of this physologic process in insects. Pulses
of ecdysone are produced at various times during
Bombyx development and regulate cell prolifera-
tion, differentiation and death in a temporally and
spatially controlled manner. An ecdysone pulse
towards the end of the larval stage signals
puparium formation and histolysis of the larvalmidgut and silk gland (Thummel, 1996; Baehrecke,
2000, 2002). The Bombyx anterior silk gland shows
stage speciﬁc responses to ecdysteroids: a thick
cuticular layer covering its inner surface is renewed
at larval molts and the gland degenerates due to
programmed cell death at pupation (Chinzei, 1975;
Akai, 1984; Sakurai et al., 1995). Ecdysone recep-
tors and ecdysone-induced transcriptional factors
have several isoforms. Combinations of these iso-
forms are expressed in each tissue and cell and
partially determine the tissue speciﬁcity of the
various ecdysone responses (Kamimura et al.,
1999). Talbot et al. (1993) observed, however, that
tissues belonging to a speciﬁc metamorphic class
exhibit strikingly similar expression patterns, which
are required for a speciﬁc ecdysone response. The
A isoform is expressed predominantly in the
imaginal discs and the B1 isoform is expressed
predominantly in the larval tissues of Drosophila.
This suggests that the different metamorphic
responses require different combinations of the
EcR isoforms and the differential expression pat-
tern has been proposed to dictate, at least in part,
the tissue speciﬁcity of ecdysone responses. Con-
sistent with this hypothesis, immunolabeling in
Drosophila salivary glands at the onset of meta-
morphosis and EcR-B mutants experiments con-
ﬁrmed relationships between the receptor status
and the metamorphic changes (Bender et al., 1997;
Schubiger et al., 1998; Talbot et al., 1993). So far,
two isoforms, EcR-A and EcR-B1, of Bombyx have
been cloned and shown to be speciﬁcally tissue and
stage expressed (Kamimura et al., 1996, 1997).
In the current study, EcR-B1 receptors have been
demonstrated to be preferentially expressed in the
silk gland of B. mori (Figure 5A and B). In the ﬁfth
instar, an ecdysteroid rise before pupation induces
programmed cell death in the anterior silk gland.
Thus, EcR-B1 receptors are implicated to be
involved in programmed cell death. There have
been various studies showing EcR-B1 expression in
the anterior silk gland using Northern blotting
analysis and real time RT-PCR (Kamimura et al.,
1997, 1999; Sekimoto et al., 2006). The changes in
EcR-A and EcR-B1 RNA levels mirror the protein
levels (Riddiford et al., 1999). Kamimura et al.
(1999) showed that, temporal expression proﬁles of
B. mori EcR-A and EcR-B1 were synchronous during
the ﬁfth instar of the anterior silk gland. Both
isoform mRNAs were at low levels for the ﬁrst 6
days and increased from day 6.5. Expression was
maximum on day 7.5 and decreased to basal level
from day 10 to pupation. Similar expression
patterns were reported in the Manduca wing disc
and epidermis (Fujiwara et al., 1995; Jindra and
Riddiford, 1996).
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EcR-B1 immunopositive cells were noted in the
study presented here in Bombyx anterior silk gland.
This may indicate that EcR-B1 expression predomi-
nantly occurs at the beginning of programmed cell
death on days 8 and 9 (Figure 3b and c) and
decreases as the programmed cell continues
(Figures 3 and 4). These results are supported by
Western blot analysis of anterior silk glands, which
showed the presence of EcR-B1 at the start of
programmed cell death (Figure 5A and B) and
conﬁrms previous studies. It is generally accepted
that ecdysone upregulates its own receptor
(Riddiford et al., 1999). Therefore, high EcR-B1
expression in anterior silk gland during pro-
grammed cell death probably results from in-
creased ecdysone concentrations in the
hemolymph. Interestingly, on day 0 of the fourth
instar, the ecydsteroid titer is at the same level as
on day 6.5 of the ﬁfth instar, which induces
expression of EcR-B1. However, the ecdysone
receptor status is different from the ﬁfth instar
(Kiuchi, 1992) and only the A isoform is induced and
the B1 isoform is not induced. Therefore the A
isoform precedes the B1 isoform. Differences in
tissue distribution patterns and emerging time of
EcR-B1 may indicate a substantial role in modula-
tion and function of ecdysone activity and its
importance for the occurrence of programmed cell
death in Bombyx anterior silk gland.
This study shows that autophagic cell death
speciﬁc vacuole structures appeared in Bombyx
anterior silk gland during programmed cell death.
The special emerging timing of EcR-B1 marks the
beginning of degeneration, indicating that these
cells may respond to ecdysone via EcR-B1 for
programmed cell death process.Acknowledgments
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